City plans based on the principles of geometric survey are an invention of the Renaissance.' Their first use was military and what they record is the defensive perimeters of sites. These were secret documents, closely held in the war offices of the state, and the audience that had access to them had skills not found in the general public.
two meters-and is made of twelve woodblock sheets. Like the manuscript plans intended for office use by specialists, Bufalini's Roma appears to support several practical applications. The first is military. Bufalini was one of the participants in the conference called by Paul III in 1534 to consider the refortification of Rome, and his map reflects this background in its careful representation of the city's wall. The second is archaeological. The plan pays special attention to the ruins that were the city's most distinctive attribute, and thus it is the first graphic image that attempted to coordinate information about the ancient monuments across the whole space of the modern city. The third is administrative. Because the plan registered the streets and blocks of the city's physical fabric, it offered the possibility of cataloguing the ownership of property and coordinating the planning of new streets and squares. Perhaps it was Bufalini's purpose in printing his plan to make the new tool available for all of these potential uses.
If so, he seems to have miscalculated. With the exception of military architects, contemporaries were not prepared to use images to rationalize knowledge of the city. Topographic information continued to be transmitted verbally and urban design was done on the site. Projects originating at the most sophisticated institutional and professional levels -the site drawings from the workshop of the papal architect Antonio da Sangallo and the picture books that catalogue the property of wealthy urban religious institutions (Libri di Case) -produced a few magnificent exceptions. But the daily record -as preserved in notarial books and the archives of government agencies -remained doggedly verbal throughout the century. The cadastral mapping of property is a phenomenon of the eighteenth century and the visual documentation of urban planning projects is a working method we 10 *^,il R^J Lo; see only in special projects beginning in the mid-seventeenth century.
Had sixteenth-century designers and administrators thought to use Bufalini's plan for their work, they would quickly have confronted its limitations. Survey technology was still in its infancy when Bufalini began his mapping project. Indeed, the process of urban mapping was such a novelty in the mid-sixteenth century that both laymen and design professionals volunteered to assist him in order to learn survey method. Although Bufalini"s plan established a new standard of topographic specificity for the representation of the city, its faults are so serious as to put into question its usefulness for practical application.
In a seminar at the Massachusetts Institute of Technology, and then for the 2003 Nolli conference in Rome, the architect Paul Schlapobersky demonstrated Bufalini's successes and failures. What his analysis shows is that Bufalini was working with at least two separate survey systems. The most accurate was used for the city's wall and probably followed a system the sixteenth century called direct measurement. Here the surveyor worked his way around the defensive perimeter by measuring both the length and the bearing of each face of its polygonal circuit using a primitive theodolite called a biissola. The position of the monuments on the interior of the city, by contrast, would have been fixed by using the hiissola to take the bearing of distant landmarks from several station points and coordinating the results by means of the triangulation system described by Gemma Frisius in 1533. Cosimo Bartoli illustrated the method with a survey of Florence and the surrounding hills in a publication of 1564, Del inodo di nusurnrc Ic c/isluiilie (Fig. 2 ). Bufalini does not seem to have integrated the two sets of results. It is possible to align either the city wall or the monuments as Bufalini mapped them with a modern survey.
Both, however, will not fit simultaneously (Figs. 3, 4) . A glance at any detail of Bufalini's map will show that the representation of the street system (and thus the properties between them) was not regulated by a systematic survey ( Fig. 5 ). The orientation of some street sectionsparticularly the new\ straight streets that pushed through the medieval urban fabric in the Renaissance -may have been measured with the hiissola, but for the most part streets seem to have been interpolated freely between points fixed by the survey of monuments. Additional difficulties in using Bufalini's plan for technical purposes were created by the method of its mechanical reproduction.
By dividing the master drawing into twelve woodcut blocks, the printing process created interruptions in the plan that cannot be repaired by even the most careful mounting. As a practical matter, the plan can be viewed as a whole only with one or two centimeter gaps between each of the sheets.
Despite its technical itnperfections, Bufalini's plan might still have served antiquarians as an instrument for coordinating the great volume of evidence about the ancient city culled from classical authors, coins, inscriptions, ruins, and recent excavations. In fact, the closest models for Bufalini's orthogonal plan are Raphael's unrealized project to map the ancient city and the image illustrating the Urbis Romae Topographia of 1544 by the scholar of antiquity Bartolomeo Marliano.' Bufalini was clearly interested in this aspect of his plan. He peppered it with marks and inscriptions identifying the ruins and the reputed sites of ancient monuments. Given the space and the slightest archeological justification, he also included elaborate plans of building complexes. But however conscientious, the mapmaker was not a scholar. The information about the ancient city presented in Bufalini's plan was often out of date or even willfully unconcerned with the evidence.Ŷ et to focus on these inadequacies is to miss the point of Bufalini's image. We cannot judge a sixteenth-century technology by modern standards or describe it as an imperfect instrument for uses for which it may never have been intended. We are on firmer ground when we begin with this certainty: the simple fact that Bufalini's Roma was an linage offered for sale to the public. It 13 be a skilled surveyor. It entered a well-established market for urban images, and it is reasonable to assume that Bufalini imagined (incorrectly, as it turned out) that the novel form of representation he was uniquely prepared to offer could compete successfully there. As an image of the city-a representation of its character and identity as well as its form -rather than as an instrument of administration, investigation and transformation, the Bufalini plan had to satisfy two fundamental requirements. It needed planforms that were specific to the city of Rome and evocative of its very distinctive identity. At the same time, these planforms needed to be comprehensible to an audience that had never seen an orthogonal city plan. In other words, this first printed city plan had to do something equivalent to what the bird's eye views had been doing for almost a centurythat is, conjure up a mental picture of the city-without compromising the spatial information that was the unique contribution of the new orthogonal format. To my mind, Bufalini succeeded at both of these tasks. Whatever its technical limitations, the plan is still the most accurate record of the city's space produced in the Renaissance. Surprisingly, it is also a powerfully expressive image. In order to appreciate this, it is helpful to look simultaneously at a contemporary bird's eye view. I illustrate Giovanni Antonio Dosio's view of Rome of 1561 ( Fig. 6 ).
Bufalini's plan focuses on Rome's three most distinctive characteristics. The first is the natural topography of the site. The course of the Tiber and the form of the famous hills on which the city developed are essential to its identity. The river is the symbol of Rome's geographic position at the center of the Tiber valley. The hills identify the site of both the ancient and the modern city: Capitoline. Palatine, Aventine, Caelian, Esquiline, Viminal, and Quirinal in the order in wliich they are named in Francesco Albertini's 1510 guide.' Both river and hills had been prominent features of the stylized images of the city produced in the late Middle Ages. Bufalini's Ronui preserves the S-shaped riverbed familiar from these images yet obscured in Dosio's view, and captures the particularity of the river's kinked curves in a way that only survey could determine. It also gives the hills their traditional prominence but now. instead of the conventional sugarloaf shapes of the medieval plan-view, it renders the contours of each ridge and valley. Like the medieval images, Bufalini's Roma associates monuments with topographical features. But when both hills and the buildings on their surface are rendered in plan, the confusion of overlapping systems compromises the visual integrity of the composition. Whether this was troublesome to Bufalini we cannot know. There can be no question, however, that it was important to him to give the hills prominence. Equally certain is the fact that his Rome did so more powerfully and evocatively than any previous image.
The second marker of the city's identity is its wall. It is the most carefully surveyed aspect of the plan and the only structure whose definition is reinforced by the transcription of dimensions. This attention must reflect the government's concern for the defenses of the city; indeed, a survey of the walls was surely made by the pope's architects well before 1551 and may even have provided a basis for Bufalini's efforts, but this does not explain its prominence in a printed image of the city. What interest can the general public have had in the technical data of the military engineer? It is not as if the representation of Rome's defenses demonstrated the city's military strength. Quite the opposite. The much patched ancient structure was badly in need of modernization and any representation of its extended perimeter was an acknowledgement of the vulnerability of the site. However the wall was also a symbol, a structure that stood for both the physical city and the political one. Chroniclers praised the strength and beauty of its construction and enumerated its parts. According to the twelfth-century Mirabilia. the perimeter had 6,900 battlements, 361 towers, forty-nine castles, twelve gates and five posterns, and measured twenty-two miles in circumference." Both texts and images tried to describe the form of the wall but efforts to be concrete elicited wildly contradictory characterizations. Ludwig the Bavarian's commemorative medallion of 1328 claimed a circular perimeter while Cola di Rienzo said llie circuit of walls had the form of a recumbent lion.' What is significant is that all of these topographers attempted to describe the city's perimeter in plan. The city wall had always had a shape as well as a structure but before 1551 these had to be imagined. The greatest achievement of Bufalini's plan was to offer its public a picture of Rome as a body with a shape that was infinitely more specific, and therefore more authoritative, than any seen before.
In the two-dimensional environment of orthogonal projection, there is no barrier between shapes that record forms of the world and those that respond to their own internal, formal logic. It is a commonplace of urban mapping that when knowledge, space, or patience fail, pattern (of blocks, of houses, of plantings) can substitute for survey. The effect is not always to degrade the informational content of the map. Pattern can create a ground from which the special object can emerge by virtue of its scale or form, or even by the specificity with which it is measured. Pattern plays a very important role in Bufalini's image of Rome. In this case, though, the pattern is meant to capture attention rather than deflect it. It is through pattern that Bufalini allows the third and most distinctive quality of his subject, the antiquities, to register in his portrait of the city (Fig. 7 ). All guides to Rome, even those of the Middle Ages, linger over the ruins. As the most compelling evidence of the city's former greatness and the repository of its classical history and early Christian mythology, the ancient monuments are a requirement of any picture of the city. Their appearance in Dosio's bird's eye view demonstrates the representational problem. How could these ruined structures, sometimes preserved as little more than foundations, be given a visual prominence equal to the one they enjoyed in the mental picture of the city? The Pantheon and the Colosseum might hold their own, but what of the hundreds of small, less well preserved sites? Dosio was forced to represent buildings in decay. Bufalini's orthogonal format offered better alternatives. One is the ease with which the orthogonal draughtsman can move from lines and forms to letters and words. Bufalini wrote copiously on his plan, naming spaces and buildings in contemporary use and identifying ancient buildings sometimes known only from literary sources. But the biggest opportunities came with the largest and best-known ancient buildings. Shown in plan, fully restored, they would have been the most familiar of all the orthogonal forms in Bufalini's Ronui thanks to publications like Sebasliano Serlio's Libra lerzo delle antichita di Rnma of 1540 and Antonio Labacco's Libra appartente all 'arch He 1 1 lira of 1552. which brought a range of building plans before a broad public. The bath complexes on the edge of the city offer the finest examples of Bufalini's practice. The representations, while not particularly accurate, are strikingly regular. They form a pattern that attracts the eye and, because the plans give no indication of the ruinous state of the buildings, they also imply structures that have a powerful presence in the city. These great ruins are the most prominent element in Bufalini's plan, and this is something that no pictorial representation of the same subject was ever able to achieve.
The distinctive characteristic of the orthogonal format is the way it reduces everything it treats to a two-dimensional system of graphic marks. In the Bufalini plan, the effect of flattening the natural topography, the city wall, the ancient monuments and the modern street system onto a single plane is to produce a timeless landscape in which the ancient and the modern city coexist on almost equal footing. The orthogonal forms take on a life of their own and Bufalini composes with them-within the constraints of his survey discipline -to construct his narrative. The story is a conventional one but the means of representation are his invention. The curves of the river, the course of the city wall, the rhythmic planforms of the ancient monuments, and the cross-hatched contours of the hills: these are the elements that read first when you look at the assembled plan. Interpretation, however, was neither Bufalini's primary interest nor the aspect of the work that he emphasized in the textual sections of the frame surrounding the plan where he is depicted as an engineer holding the tools of his profession. He 15
